Supplementary Information
Sample preparation:
The ITO (30 nm)/STO (200 nm)/LCMO (1nm)/LSMO (50 nm) oxide heterostructures were grown on SrTiO 3 (001) substrates using a multi-target pulsed-laser deposition system (KrF excimer laser with λ = 248 nm). The epitaxial LSMO layer of 50 nm, a few unit cell LCMO layer, and STO layer of 200 nm were deposited in situ at a temperature of 750℃ in flowing oxygen of 300 mtorr. The heterostructures were cooled down in either 500 torr oxygen pressure (oxygen-rich sample) or in 300 mtorr oxygen pressure (oxygen-deficient sample). The latter results in higher carrier concentration (n-type) than that of the oxygen-rich sample. The ITO layer is deposited in situ at 50℃ in 10-mtorr oxygen.
The surface morphology of the LSMO and LCMO/LSMO films grown on STO substrates have been characterized by using atomic force microscopy (AFM) (Asylum Research-MFP-3D), which show atomically flat surface with the RMS roughness ~0.2-0.4 nm. Figure S1 shows a representative AFM image of an as-grown LSMO (50 nm) film (RMS roughness ~0.29 nm). Epitaxial LSMO and STO heterostructures made by pulsed-laser deposition have been reported by many groups in the past including our group. MSHG experiments are performed with a Ti:sapphire amplifier system (Coherent) generating 200 femto-second pulses with 4 µμJ energy at a center wavelength of 800 nm and a repetition rate of 250 kHz. The attenuated laser beam (~40mW) with S-polarization is focused to a 200-µμm diameter spot on the sample at an angle of incidence of 40º. The S-polarized MSHG signal is generated in the direction of the reflected laser beam, and is detected with a high signal-to-noise ratio photomultiplier tube (PMT). Effective filtering and separation is required to separate the MSHG light from the fundamental laser beam. Magneto-Optical Kerr Effect (MOKE) experiments are carried out with similar configuration as MSHG, except that the laser beam with P-polarization is incident to the sample and the Kerr signal (800 nm) is detected with a highspeed silicon detector after an S-polarized analyzer.
Magnetic Contrast:
The magnetic contrast is defined by:
where I(+M) and I(-M) are the intensities for the two magnetizations (Fig. S2 ).
